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Abstract. In our country, there is a large variety of foundation soils, some of them having
inferior characteristics to those necessary for the proper support of a communication path.
This raises some of the most common problems in the field of road infrastructures, namely
the sliding of slopes in the area related to road construction. This phenomenon appears more
and more frequently, especially after some periods with accentuated atmospheric instability,
sometimes leading to the partial inability to use the affected infrastructure sector. In some
cases, the development of this phenomenon can lead to the traffic blockage and the isolation
of the communities in the area, to the destruction of a well-defined road sector and even to
the loss of human lives. In order to maintain the quality requirements imposed by the law
and to limit the risk of reaching the limit state of normal operation, respectively of
compromising the structure, the administrators and the staff who are directly involved in the
maintenance and the expertise of the affected area, achieve direct examination works or
investigation by means of specific observation and measurement. In the current practice,
these works are part of the technical expertise of the affected area, being made by a
specialized team, led by an authorized technical expert in the field.

Keywords: consolidation solutions with drilled piles, investigations, landslide, monitoring, road
sector.

Rezumat. In tara noastrd sunt prezente o gama larga de pamanturi de fundare, unele dintre ele
prezentand caracteristici inferioare celor necesare sustinerii corespunzatoare a unei cdi de
comunicatii. Acest lucru ridica unele dintre cele mai frecvente probleme din domeniul
infrastructurilor rutiere, respectiv a alunecarii versantilor din arealul aferent executiei
drumurilor. Aceste fenomene apar din ce in ce mai frecvent, mai ales in urma unor perioade cu
instabilitate atmosferica accentuatd, conducand uneori la incapacitatea partiald de utilizare a
sectorului de infrastructura afectat. In unele cazuri, dezvoltarea fenomenului poate conduce la
blocarea circulatiei si izolarea comunitdtilor din zona, pana la distrugerea unui sector de drum
bine definit si chiar la pierderi de vieti omenesti. In scopul mentinerii cerintelor de calitate
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impuse prin lege si a Llimitdrii riscului de atingere a stdrii limitd de exploatare normala, respectiv
de compromitere a structurii, administratorii, Tmpreuna cu personalul implicat direct in
intretinerea sau expertizarea zonei afectate, realizeaza lucrari de examinare directa sau
investigare prin mijloace de observare si masurare specifica. In practica curentd, aceste lucrari
fac parte din expertizarea tehnica a zonei afectate, fiind realizate de catre o echipa specializata,
condusa de un Expert tehnic autorizat in domeniu.

Cuvinte cheie: sector de drum, alunecare de teren, investigatii, monitorizare, solutii de consolidare
cu piloti forati.

1. Introduction

Landslides causes traffic disruptions have been one of the threats to the normal
operation of regional roads [1-4] and are erosive actions of the soil that can lead to the
displacement of a large volume of soil, changes in the slope of the land and even significant
changes in the relief. They are caused by triggering factors such as torrential rains, water
leaks, earthquakes or human interventions on the relief, due to lower characteristic
parameters of the soils. Landslides can trigger suddenly, being dangerous to people,
properties and communication routes, causing property damage or even loss of human lives
[5-9]. The prevention and management of landslides requires continuous planning and
monitoring, as well as rapid physical interventions to stabilize the area, through the
construction of various support structures or through technical interventions on the
foundation soils.

In this article, the authors focus on determining the causes of soil instability
phenomena for a local road sector in the Moldova region and the solutions for consolidating,
developing and monitoring the behaviour of the consolidated area during operation. The
meteorological phenomena that have taken place in recent years have strongly affected the
investigated road sector through rainwater runoff, which engaged soil particles in the
immediate vicinity, resulting in a landslide with a length of 40 m.

2. Current situation on site. Characteristics of the analyzed area. Causes of the

degradations

Due to the occurrence of a strong landslide, the road administrator ordered a specialist
study for emergency intervention in the disaster area.

Along the analyzed route, a slope was identified with stability issues (Figure 1),
unevenness, and potholes caused by the lack of drainage and maintenance systems, as well
as erosion forms on the sloping areas, given that the road embankment was supported by a
structure made of gabions. The area belongs to the high-risk area for soil collapse or
landslide, with a high probability of primary landslide occurrence.

Intense weather conditions have heavily impacted the road sector, causing a 40 meters
length landslide along the road embankment. Successive break steps were observed that
threaten the overall stability of the road.

In the partially forested upstream slope, saturation areas were formed due to
precipitation which softened to the point of flow. The flowing material and water from the
slope are uncontrolledly discharged onto the road. Upstream zones of counter-slope have
also been identified, which have favored the flooding of precipitation.

At the base of the excavation slope there is no walled ditch for collecting the waters,
and the existing bridge is silted and does not have a drop chamber for collecting upstream
and trench water.
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Figure 1. The analyzed landslide.

The road surface is inadequate because it presents counterslope and discharge areas
due to excessive water. The road's viability is affected, so that road and pedestrian traffic
cannot take place under normal conditions.

During dry periods, the existing road structure generates a lot of dust, and during rainy
periods mud is formed and the road becomes impassable. Precipitation waters flow down and
the road does not have a rainwater collection system to ensure controlled drainage of these
waters. The road shoulder is made of earth and is structurally degraded.

2.1. Geologic, geomorphologic and hydrological characteristics

The analyzed sector is located in the Central Moldovan Hills, with elevations up to 200
m, wide valleys with lakes and slopes with numerous landslides. A small part of the sector
belongs to the orogenic region and the rest to the platform region.
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In the investigated geotechnical area, the Cetatuia River is the collector of the entire
hydrographic network in the site area.

2.2. Seismic Characteristics

In terms of seismic activity (Figure 2), our country's territory is divided into macrozones
with seismic intensities of 6, 7, 8, and 9 degrees. The analyzed area fits into grade 7.1 on the
Medvedev, Sponhauer, Karnik (MSK) scale [10] and is located in the southwestern extremity
of the Russian-Moldovan Platform that shows positive movements of 5 mm per year.
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Figure 2. Seismic zoning. Macrozoning of the territory of Romania [10].

For earthquakes with an average recurrence interval of 225 years (IMR = 225 years),
with a 20% probability of exceedance in 50-year (Figure 3), the seismic coefficient value,
named ag in Romanian standard, is 0.25 g, and the control period (corner), name Tc in
Romanian standard, is 0.70 s (Figure 4) [11].
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Flgure 3. Zoning of peak ground acceleration Figure 4. Zoning of the Romanian territory in

values for design ag with IMR = 225 years and  terms of the control period (corner), named TC

20% probability of exceedance in 50 years (control periods) in Romanian standard of the
according to [11]. response spectrum [11].

The analyzed sector is located in the temperate-continental climate zone with Baltic
influences. Annual precipitation is 500-700 mm with lower values in January, February, and
March and higher values (600-700) in June and July. The area is characterized by average
annual temperatures of 9-10°C, with the minimum air temperature dropping to -20 °C in
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winter months and reaching +39°C in summer months. According to [12], the maximum depth
of frost in the studied area is 80-90 cm (Figure 5). The reference wind pressure is 0.70 kPa
[13], and the snow load on the ground is 2.50 kN/m? as stated in [14].

L S

Figure 5. Maximum depths of frost. Zoning of the territory of Romania according to [12].

3. Geotechnical conditions. Methods, equipment and apparatus

The foundation ground was geotechnically investigated in the landslide area by
performing a dynamic cone penetration test with a depth of 14.0 m (Figure 7) and two
drillings: one in the road body at a depth of 15.0 m and the other downstream -2.70 m below
the road elevation at a depth of 8.0 m.

The geotechnical drillings were carried out with a semi-mechanized drill, with
disturbed and undisturbed samples taken. The drill diameter is 100 mm.

The system used for drilling (Figure 6) consists of:

- percussion hammer with internal combustion engine on gasoline

- hydraulic extractor - pulling power of 10 tons

- drill bits with diameters between 36 - 100 mm and lengths between 1.0 and 2.0 m

- connecting rods with lengths between 1.0 and 2.0 m

- utility vehicle used for mobilization on site, equipment transport, and maintenance
on site

- wooden boxes for transporting samples to the laboratory

- stands and pipes for collecting undisturbed samples

- electric generator and concrete/asphalt corer - to cross any concrete/asphalt
platforms.

The samples were collected manually, in plastic bags for moisture preservation,
transported in soil sample boxes, and stored in an exicator in the laboratory to maintain the
initial site conditions.

In order to complete the geotechnical information and determine derived geotechnical
indices, a dynamic cone penetration test was performed using a Heavy Dynamic Penetrometer
(DPH) cone, the results are briefly presented in Figure 6.

To determine the best intervention solutions, the following aspects were taken into

account:
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Figure 6. Heavy Dynamic Cone Penetrometer Equipment [15-17].
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Figure 7. Dynamic penetration test graph.
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- a sliding phenomenon occurred on the site

- the main elements of a landslide are visible (ebulment, landslide body, rupture steps and
crown)

- under the action of disruptive factors, there is a risk that the phenomenon will develop
upstream and affect the communal road sector in its entirety.

Thus, it was necessary to carry out a stability analysis with the help of calculation
programs (Fellenius and Bishop method), through methods that admit the limit equilibrium
conditions, in which to highlight the potential sliding planes (Figure 8), respectively the risk
of advancing the sliding to the body of the road.

Namne : Analysis Stage - analysis 03 -1 [Name ; Analysis Stage - analysis 3 -2

Figure 8. Potential sliding surfaces.

3. Conclusions and recommendations

The following conclusions can be drawn from the analysis of the stratification of the
land revealed by geotechnical drilling and from the results of the stability analyses:

- In natural conditions (static loads), the road embankment does not have
guaranteed stability. Potential sliding surfaces have been identified that highlight the active
nature of the landslide with small periods of relative stabilization (phenomenon given by the
natural balance of internal forces following a new configuration of the land).

- Inseismic conditions (dynamic loads) it can be observed that the safety factors are
sub-unit for the sliding surfaces that intersect only the first layers.

- Therefore, under the action of disturbing factors, slide planes can form in depth
up to the contact with the resistance layer (approximately - 4.50 m compared to the existing
road elevation).

- Considering the stratification of the land and the microrelief conditions, it can be
estimated that the sliding surfaces will develop successively - rotationally, both upstream -
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horizontally, and in depth - vertically, until the contact with the resistance layer. This will
lead to the total damage of the road sector covered by the present study.

- The time factor gives the landslide an active alternative character - partially
stable, but with the possibility of reactivation, with slide planes that started from shallow
depths, with deep development.

- The main recommendations aim to eliminate all possibilities of water infiltration
into the land and its wetting with a negative effect on the construction, respectively:

- The arrangement of a reinforcement structure made of drilled piles with a
minimum diameter of 600 mm, at a minimum depth of 14.0 m. The piles will be spatially
positioned, at a distance in the plan, calculated so that the earth does not flow between the
piles.

- The arrangement of a horizontal drainage system under the bottom of the ditch
to collect the water from seepage. The depth of the drain will be at least 2.00 m. It will have
a minimum length of 40 m.

- Restoration of the water discharge bridge. It is recommended that the bridge
foundation rests on the reinforcement structure in the downstream area.

- Development of the torrential valley on the upstream and downstream area for a
minimum of 25-30 m. An initial systematization of the land both downstream and upstream
is recommended, then protection with gabion mattresses/geocells filled with concrete.

- Restoring the road body and ensuring the designed width.

- Ensuring adequate storm water collection and drainage systems to avoid their
infiltration into the road system, which can have a negative effect on the appearance of
subsidence and cracks in the road body. They can be trapezoidal ditches, triangular ditches,
rectangular ditches, etc.

- Unclogging and maintenance of existing ditches - on the extended area along the
road, activity aimed at reducing the risk of destructive phenomena.

- Vegetation of the entire slope with perennial plants and trees with deep roots, in
order to eliminate the risk of surface slides and erosion due to rainwater falling directly on
the surface of the slope.

- Placement of a reinforced ditch on the drainage area, with the aim of eliminating
the risk of soil flow in the area of the ditches. Behind the support structure, a drainage system
will be created that can have a common body with the horizontal drain, with the aim of taking
over the infiltration waters that come to the surface on the slope of the embankment.

- Ensuring the safety of traffic through the provision of indicators and metal
protective parapets.

- Geotechnical monitoring with at least 2 boreholes equipped with inclinometer and
tracking program of movements that may occur inside the slope and the consolidation
structure. The inclinometers will be placed in the reinforcement piles.

By rehabilitating and modernizing the investigated sectors, the aim is to increase the
load-bearing capacity of the road system, increase traffic safety, increase the viability of the
streets according to the current and prospective traffic.

This work is part of a large research program in the field of slope instability, wanting
to raise an alarm signal regarding the need to complete the work within the term considered
in the design stage, with the aim of minimizing the damage caused by the impact of
environmental factors and execution delay on the viability of the work. The program is
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